Abstract: This paper proposes a state-of-the-art cell range expansion (CRE) technique that improves the user throughput performance for heterogeneous network (HetNet). The proposed adaptive control CRE provides different cell selection offsets (CSOs) for each piece of user equipment (UE). The proposed CRE's aspects and algorithm are described in this paper through comparison with those of the conventional method that has a fixed CSO for operating all UEs. Computer simulation results such as average and 5-percentile user throughput based on LTE/LTE-Advanced standards are provided. We confirmed that the proposed adaptive control CRE can improve 5-percentile user throughput while maintaining the average user throughput. This will provide a remarkably effective solution for HetNet.
Introduction
The amount of data traffic on mobile communication systems has rapidly increased because of the widespread use of mobile Internet applications. Likewise, data rates requested by end users have also increased. The challenge in determining the future deployment of mobile networks rests in deciding how to handle this increased data capacity in a manner that meets both user expectations and mobile operators' needs for cost-effectiveness.
Heterogeneous network (HetNet) has been discussed to improve user throughput, and/or overall system capacity [1, 2] . A typical HetNet approach is to place a pico cell within the coverage area of a macro cell with the purpose of allowing an user equipment (UE) to access pico cells with overlapping geographical coverage areas, even though the UEs are within the macro cell. Cell range expansion (CRE) technology is expected to significantly assist HetNet deployment, because it will be important to determine which access is better for UEs to communicate with macro or pico cells. CRE offsets UE to the power received from the pico cell, however from the perspective of total system, whether a fixed cell selection offset (CSO) should be provided for all UEs within a macro cell is unclear. Conventional CRE may degrade the received signal-to-interference plus noise ratio (SINR) for UE when a CSO is provided for all UEs.
Therefore, to entirely improve user throughput, we propose an adaptive control CRE with a non-fixed CSO for all UEs within the macro cell [3, 4] . Section 2 introduces the aspects and algorithm of the proposed method and compares them with the conventional method. In Section 3, the conditions of system-level computer simulations and their results are discussed such as 5-percentile and average user throughput. Finally, conclusions are summarized in Section 4.
Adaptive control CRE
CRE is the commonly known technical approach for extending the pico cell coverage within a macro cell in a HetNet. CRE enables UEs to increase the probability of connecting to a pico enhanced Node B (eNB). Accordingly, if the traffic demands are increased within a macro cell served by a macro eNB, CRE enables offloading of the overload traffic to the pico eNB. Whereas conventional CRE provides a fixed CSO for all UEs within a macro cell, the proposed adaptive control CRE can assign several CSOs to UEs according to the received SINR. In this paper, two different CSOs are assumed in an easy-to-use approach. The basic principle of adaptive control CRE is illustrated in Fig. 1(a) . A macro eNB serves the macro cell, and a low power pico eNB serves the pico cell. The size of the pico cell is increased through the use of a downlink reference signal strength offset. Assuming that CSO high is higher than CSO low , the CRE region will be wider for UEs with CSO high compared with that for UEs with CSO low . Therefore, the size of the pico cell for UEs with CSO high appears to be wider when compared with that for UEs with CSO low . Fig. 1(b) shows the relation between SINR m and the cumulative distribution function (CDF) of SINR m , where SINR m is obtained by measuring the downlink reference signal strength derived from the macro eNB. This procedure determines whether CSO high or CSO low is used. α is a point on the CDF of SINR m , and SINR th is assumed to meet α. CSO low is applied to UEs with an SINR greater than SINR th . Similarly, CSO high is applied to UEs with an SINR lower than SINR th . Fig. 1(c) shows the algorithm for the adaptive control CRE. The basic concept for the offloading scenario is the same as that for conventional CRE. The difference is that with adaptive control CRE, UEs can choose two different CSOs depending on their SINR m . First, UEs measure SINR m and SINR p , where SINR p is given by the measuring downlink reference signal strength derived from pico eNB. Second, the macro eNB collects the SINR m of all UEs and estimates SINR th . Third, the macro eNB decides the CSO to be applied for each UE.
3 Performance evaluation 3.1 Simulation setup System-level simulations are performed on the basis of LTE/LTE-Advanced standards to evaluate the performance of the adaptive control CRE. The main parameters of these simulations are summarized in Table I . The macro cell layout is a hexagonal grid, divided into three sectors and deployed every 500 m. The number of UEs is assumed to be 30 per sector, in a clustered distribution. This distribution is usually realized by the way that 2/3 of the UEs are uniformly deployed near pico eNBs, while the others (1/3 of the UEs) are uniformly deployed within the macro eNB. The cell selection method used is based on the reference signal received power (RSRP-based). The transmission power is fixed to +46 and +30 dBm for macro and pico eNB, respectively. The path loss model and other assumptions are referenced in [5, 6] . Fig. 2(a) illustrates an example of cell and UE layouts at a given instant in time, where the UE layout is referred to as a clustered distribution. Fig. 2(b) shows the average user throughput and 5-percentile user throughput of adaptive control CRE (Proposal), when CSO high ¼ 6 dB, CSO low ¼ 4 dB, and ¼ 0:6. Here, the 5-percentile user throughput is defined as the throughput of the UE that corresponds to a low 5% of all UEs. The throughput performance of the homogeneous network (HomoNet) and of the conventional method for six types of fixed CSOs (CSO ¼ 0, 2, 4, 6, 8, and 10) are also included. HomeNets are constructed with only the macro cell, i.e., no pico cell. CSO ¼ 0 refers to the condition of HetNet without any CRE. The black bar shows the average user throughput corresponding to the left-side axis, while the gray bar shows the 5-percentile user throughput corresponding to the right-side axis. Provided that the number of UEs is 30, on the basis of clustered distribution, the proposed method can improve the average user throughput by 3% and the 5-percentile user throughput by 28% when compared to the conventional method with a CSO of 6 dB. As shown in Fig. 2(b) , by increasing the CSO up to 4 dB, the average user throughput decreases and the 5-percentile user throughput increases. In other words, if we try to improve the 5-percentile user throughput with a fixed CSO, conventional CRE causes deterioration in the average user throughput. However, the proposed method can improve the 5-percentile user throughput while maintaining the average user throughput; i.e., the proposed method can solve such types of trade-off problems. 
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Conclusion
This paper has proposed an adaptive control CRE to improve the user throughput for HetNets in which UEs can automatically choose their optimal CSO. The aspects and algorithm of the proposed method were described and compared with those of the conventional method that is operated by a fixed CSO. We confirmed that the proposed method can improve the 5-percentile user throughput while maintaining the average user throughput. Provided that the number of UEs is 30, on the basis of clustered distribution, the proposed method can improve the average user throughput by 3% and the 5-percentile user throughput by 28% when compared to the conventional method with a CSO of 6 dB. This work was obtained in part by Mr. K. Kikuchi who is a graduate of Kogakuin University.
